Body composition and sport participation have been associated with bone mass. The purpose of this study was to determine the associations of lean and fat mass measures with whole body bone mineral content (BMC) and bone mineral density (BMD) in female adolescent weightlifters, swimmers and non-athletic counterparts. This study included a total of 25 female adolescents (mean age: 15.3±1.1 years). Body composition and bone mass were measured by dual-energy X-ray absorptiometry. In most of the studied variables weight lifters had higher values compared to swimmers and non-athletes (p<0.05). No significant difference was observed between swimmers and non-athletes (p>0.05). Lean and fat mass measures were positively associated with BMC and BMD for the total participants (p<0.05) while the associations differed when the study groups were analysed separately. In conclusion, both lean and fat mass measures were strongly related to BMC and BMD in female adolescents while these associations differed in swimmers, weightlifters and non-athletes.
Childhood and adolescence periods are important for bone mineral acquisition which increases in both girls and boys with age throughout these periods. Bone mineralization is affected by several factors including gender, ethnicity, heredity, body composition, diet, physical activity and hormones. Among these factors physical activity and diet are the modifiable lifestyle factors influencing both bone mass and body composition.
L ong term physical activity and sport participation improve bone health particularly during the second decade of life when bone development accelerates and bone mineral density peaks [1] [2] [3] [4] [5] [6] . Indeed, exercise participation during childhood results in 0.6% to 1.7% greater increase per year in bone accrual 5 .
Moreover, recently the link between body composition components [lean mass (LM), fat mass (FM)] and bone mass [i.e., bone mineral content (BMC) and bone mineral density (BMD)] have gained great interest in athletic and non-athletic populations. Studies showed that increased LM is the best predictor of bone mass in adults, youth, athletes, non-athletes and patients with chronic diseases 1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Furthermore, some studies claim that excess body fat adversely affects bone mass in adolescents due to increased bone marrow adiposity and increased release of adipokines 17, 19 .
Recent advances in dual-energy X-ray absorptiometry (DXA) allow to measure both BMD and body composition simultaneously. DXA measurement of body composition differentiates BMC, FM and LM all together comprising total body mass. Thus, whole body DXA scan with high precision, low scanning time and radiation exposure (5-10 mSv) is a valid and reliable method for body composition and bone health determination in youth 20 .
Although LM measured by DXA involves tendon, ligaments, facia and aponeuroses in addition to skeletal muscle mass, it is a useful indicator of muscle mass in adults [21] [22] as well as in children and adolescents 23 . It is highly associated with skeletal muscle mass measured by MRI (r=0.94 for the total body and r=0.91 for the leg) in elder women 24 . Furthermore, as the skeletal muscle mass is the dominant tissue in arms and legs, recently it has been suggested to use DXA-derived appendicular LM as a measure of skeletal muscularity. In this respect, it has been shown that total body BMC was highly correlated with total body lean mass index (LMI) and appendicular LMI in non-athletic boys and girls 25 . In girls, LM is independently associated with bone mass explaining 67% of the total variance in whole-body BMC 16 . A longitudinal study from birth to 6-7 years showed that LM gain in childhood was positively associated with bone size and trabecular volumetric BMD at 6-7 years of age, while no relationships between change in FM and bone were observed 14 . Findings of that study suggests that muscle growth, rather than fat mass gain, may be a more significant factor determining childhood bone development.
Long term sport participation in youth enhances bone mass and LM, and decreases FM. Osteogenic effects of exercise produced by mechanical bone loading as well as exercise induced myokines. However, effects of exercise on bone depends on the type of exercise, intensity and duration of training and these effects are site specific. Research has shown that BMD of young athletes (10-30 years) performing weight bearing, high impact sports (weightlifting, gymnastics, hurdle, judo, karate, volleyball, racket sports and other sports involving jumping) is higher compared to athletes performing non-weight bearing sports and non-athletes [26] [27] [28] [29] . On the other hand, BMD of athletes performing non-weight bearing sports (swimming, water polo, cycling etc.) is not higher compared to non-athletic counterparts 6, [30] [31] [32] . In this regard weightlifting and swimming are the two diverse sports. Weightlifting is a weight bearing, high impact, bone loading activity which improves bone mineralization. While swimming is a nonweight bearing activity producing hypogravity due to buoyancy of the water. Therefore, several studies have shown that swimming is not beneficial for bone health [33] [34] . Indeed, bone measurements of swimmers were lower by 4-19% compared to the athletes in any other sport 30 . In addition to benefit from the buoyancy of water, body fat percentage of the swimmers is higher compared to the athletes competing in other sport branches.
Studies examining the associations of LM and FM measures with BMC and BMD in youth reported findings on non-athletic populations 25 .
There is no study reporting these associations in adolescent female athletes, particularly for the two distinguished sports weightlifters and swimmers. Thus the purpose of this study was to determine the associations of lean and fat mass measures with whole body bone mineral content (BMC) and bone mineral density (BMD) in female adolescent weightlifters, swimmers and non-athletic counterparts.
Material and Methods

Study design
Methods and procedures of the study were approved by the Human Subjects Institutional Review Board at Hacettepe University (decree no: GO 14/634-06). The study was carried out at the Laboratory of Nutrition and Metabolism in Exercise at Faculty of Sport Science, Hacettepe University. Participants were instructed not to participate in heavy exercise and not to take too much caffeine containing drinks the day before the measurement.
Participants
Participants of this study were comprised of weight lifters (n=8) and swimmers (n=8) with at least 1 year of training experience and non-athletic age-matched counterparts (n=9) with no training history for the past year. Participant's mean age was 15.3±1.1 years (range, 14.1-16.6 years). Mean training experiences for weightlifters and swimmers were 2.6±1.6 and 6.5±2.6 years, respectively. The number of training sessions per week was at least 6. Mean training hours per week were 19.6±2.3 for weightlifters and 15.7±4.5 for swimmers. All participants except two swimmers were eumenorrheic with a menarche age of 13 years. Two swimmers have not got their first period yet. Procedures of the study were explained to the participants. Their written informed consent as well their parents' were obtained. Participants who had any chronic disease or used nutritional supplements during the last 3 months were excluded from the study.
Procedures Anthropometric measurements
Height was measured by a wall stadiometer (Holtain stadiometer, UK) to the nearest 0.1 cm and body weight was measured by a scale (Tanita TBF-401A, Germany) to the nearest 0.1 kg. BMI was calculated as weight in kilograms divided by the square of height in meters.
Assessment of body composition and bone mineral density
The whole body composition and bone mineral density were measured by a narrow fan bean (4.5°) DXA scanner (Lunar Prodigy Pro; GE Healthcare, Madison, WI, USA) using a total body scan mode. 
Results
One way ANOVA results revealed that weightlifters, swimmers and non-athletes were similar with respect to age and height (p>0.05, Table I ). Weightlifters had significantly higher values compared to both swimmers and nonathletes in BMI, FMI, LMI and appendicular LMI, (p<0.05, Table I ). In addition, weightlifters had higher FM and FM percentages than swimmers (p<0.05, Table I ). Body weight, DXA measured body mass, LM and appendicular LM were higher than non-athletes (p<0.05) but were similar to swimmers (p>0.05, Table I ). Swimmers and non-athletes were similar in all variables measured (p>0.05, Table I ).
Weightlifters had significantly higher values compared to both swimmers and non-athletes in total body BMD and z scores for total body BMD (p<0.05, Table I ). Differences in total body BMD disappeared when the groups were compared by analysis of covariance with the BMI as co-variate (F (2, 22) =1.121, p=0.345). Similarly, no difference was observed among the groups in total body BMC (F (2, 22) =0.061, p=0.941).
Pearson correlation coefficients between bone and body composition indices for each group and total participants were presented in Table  II . Results for total participants showed that all bone indices were significantly correlated with all LM and FM measures (p<0.05, Table   II ). While the results for each group showed that these associations were changing with respect to study group with stronger relations observed for weightlifters than swimmers, while the associations disappeared in non-athletes (Table II) . In addition, findings showed that the associations between bone indices and LM measures were stronger than FM measures. The associations of bone mass indices with appendicular LM and appendicular LMI were stronger than total LM and total LMI (Table  II) . No significant association was observed between total body LMI, appendicular LMI, and bone indices (p>0.05) when FM and FMI were used as covariates (Table III) . In this respect non-significant small to moderate associations were observed for the total study participants and swimmers (Table III) where the associations for appendicular LMI were higher than the associations for total body LMI.
Discussion
This is the first study comparing body composition and bone mass of female adolescent weightlifters and swimmers. Moreover, the study is unique as it reports the associations of lean and fat mass measures with whole body bone mineral content and bone mineral density in female adolescent athletes performing weight-bearing and non-weight bearing sports. Main findings of this study revealed that in most of the variables weight lifters had higher values compared to swimmers and non-athletes, while the swimmers and non-athletes were similar. Moreover, lean and fat mass measures were positively associated with BMC and BMD for the total participants (p<0.05) while the associations differed when the study groups were analysed separately indicating that these associations might be specific to population i.e., athletes vs. non-athletes and the type of sport (weight bearing vs. non-weight bearing).
The present study showed that female adolescent weightlifters had higher BMI, FMI, LMI, appendicular LMI compared to agematched swimmers and non-athletes indicating that they were heavier with respect to their height and that they possessed more fat, lean mass and appendicular lean mass in proportion to their height compared to swimmers and non-athletes. Since weightlifters compete at certain weight categories they need to maintain their body weight within the specified ranges.
Compared to swimmers, weightlifters had higher FM and FM percentages (p<0.05 ,  Table I ) indicating that in the present study weightlifters are not well conditioned to develop lean mass. On the other hand, swimmers' training experience were higher than weightlifters as starting age for swimmers is earlier than for weightlifters due to the possible adverse effects of weightlifting on skeletal growth and development.
In the present study, weightlifters had higher values of total body BMD and total BMC than swimmers and non-athletes while the differences were significant for only total body BMD. However, this difference disappeared when the groups were compared by using BMI as covariate. Small sample size of the study could be the reason for non-significant differences. As for the z scores for total BMD, female adolescent weightlifters had significantly higher values compared to swimmers and non-athletes.
Although swimmers had higher LM and lower FM indices than non-athletes the differences were not significant (Table I ). In terms of total body BMD and BMC swimmers and nonathletes were almost identical indicating that swim training did not affect bone measures. This finding confirms other existing studies on the topic 6, 31, 32 . When z scores for total body BMD were compared, swimmers tend to have two times lower values than non-athletes although the differences were not significant. Compared to non-athletes lower z scores in adolescent swimmers might be due to the adverse effects of long term weight reducing effect of swim training on the skeleton. In order to overcome this effect, exercise training for lean mass development and high impact loading activities should be emphasized in this particular group [26] [27] [28] [29] .
This study showed moderate to strong positive associations between bone measures, and LM and FM measures when the data for the total participants was analyzed (p<0.05, Table  II ). However, when the same analysis was performed for the study groups separately, we observed that the strength and the direction of the associations were specific to the group. The relations of bone indices with the LM and FM indices were stronger in weightlifters compared to swimmers and non-athletes. In non-athletes, only BMC was significantly associated with LM and appendicular LM (Table II) .
Similarly the associations between bone indices and LM measures were stronger than FM measures for the total participants and swimmers while in weightlifters the associations of FM measures with bone measures were stronger than LM measures. Others scientists reported similar findings: compared to FM measures, LM indices associated with bone indices in Chinese children and adolescents 25 .
In line with the literature 25 we found that appendicular LM and appendicular LMI were the stronger predictors of bone measures than total LM and total LMI (Table II) indicating its significance as a criterion to follow up musculoskeletal development in youth. In line with the present findings, several other studies 1, 7, 8, 11, [14] [15] [16] [17] [18] demonstrated that LM and LMI are the strongest predictors of bone mass in diverse populations. In this respect, a 1-kg increase in LM was associated with 28.42 g and 0.007 g/cm 2 increase in whole-body BMC and BMD, respectively 11 . On the other hand a 1-kg increase in fat mass was associated with 9.32 g, and 0.002 g/cm 2 increase in whole body BMC and BMD, respectively 11 .
Reference values for DXA measured body composition measures were reported for children and adolescents from various countries 25, 35, 36 and for the athletes with various age groups 4 .
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As total and appendicular LM and LMI are becoming an important criterion for observing musculoskeletal deficits in health and disease there is a need to develop gender and age specific reference values in youth and adult athletic and non-athletic populations in Turkey.
Non-significant small to moderate associations of BMC and BMD with the LM measures were observed for the total study participants and swimmers when FM and FMI were used as covariates (Table III) where the correlation coefficients for appendicular LMI were higher than those for total body LMI. This finding also suggests population specific relations of the studied parameters. Non-significant relations in swimmers might be due to the small sample size of the study.
Main limitation of the present study is its small sample size, therefore, the findings of the study cannot be generalized. Similar studies with larger sample sizes are worth conducting to elucidate the differences in bone measures among various sport disciplines. Additionally, this study is cross-sectional in nature and longitudinal studies need to be carried out to explore the long term musculoskeletal development and the relations of bone and body composition measures in response to sport participation.
In conclusion, both lean and fat mass measures were strongly related to BMC and BMD in female adolescents while these associations differed in weightlifters, swimmers and nonathletes. LM indices, particularly appendicular LM and appendicular LMI were found to be strong predictors of BMC and BMD.
